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ABSTRACT 

NCAR h a s  developed an i n s t r u m e n t a t i o n  sys tem des igned  t o  c o l l e c t  

d a t a ,  d u r i n g  a b a l l o o n  a s c e n t ,  on b a l l o o n  envi ronment ,  shape ,  f i l m  

s t r a i n ,  and f i l m  t e m p e r a t u r e .  The t o t a l  sys tem i s  d e s c r i b e d ,  as are t h e  

s e n s o r s  and t e c h n i q u e s  f o r  u s i n g  them. Limi ted  d a t a  c o l l e c t e d  from t h r e e  

f l i g h t s  i n d i c a t e  t h a t  t h e  sys tem w i l l  p r o v i d e  a powerful  t o o l  f o r  d i a g -  

n o s i s  o f  b a l l o o n  problems.  



STRUCTURAL MEASUREMENTS ON BALLOONS I N  FLIGHT 

The S c i e n t i f i c  B a l l o o n i n g  F a c i l i t y  a t  NCAR h a s  begun a b a s i c ,  l ong  

r ange  program, i n v o l v i n g  c o o r d i n a t e d  a n a l y t i c a l  and e x p e r i m e n t a l  approaches ,  

t o  p r e d i c t  stresses i n  b a l l o o n s  d u r i n g  a s c e n t .  ' W e  are d e v e l o p i n g  i n s t r u -  

m e n t a t i o n  f o r  measuring as many b a l l o o n  s t r u c t u r a l  parameters as p o s s i b l e  

and ,  by means of a s e r i e s  of  b a l l o o n  f l i g h t s ,  we are d e t e r m i n i n g  and 

s t u d y i n g  t h e  i m p o r t a n t  pa rame te r s .  A t  t h i s  p o i n t  w e  are p r i m a r i l y  i n t e r -  

e s t e d  i n  t h e  b a l l o o n  d u r i n g  a s c e n t .  

BALLOON SYSTEM 

The e x p e r i m e n t a l  program employs a system c o n s i s t i n g  o f  two b a l l o o n s  

i n  a tandem a r rangemen t ,  connected by a "tow" l i n e .  The upper  b a l l o o n ,  

t e t h e r e d  t o  t h e  top  end f i t t i n g  of  t h e  main b a l l o o n  by a 200 f t  l i n e ,  

carr ies  two downward-looking cameras t o  photograph t h e  top  o f  t h e  main 

b a l l o o n .  The upper  b a l l o o n  a l s o  carr ies  a l a r g e  p a r a c h u t e  f o r  l ower ing  

t h e  main b a l l o o n  a n d / o r  t h e  camera package. Bo l t ed  t o  t h e  t o p  end f i t t i n g  

o f  t h e  main b a l l o o n  i s  a 25 l b  package,  c o n t a i n i n g  t h r e e - a x i s  a c c e l e r o m e t e r s ,  

a d i f f e r e n t i a l  p r e s s u r e  s e n s o r ,  t e l e m e t r y  equipment,  and power supp ly .  A 

ground p l a n e  a n t e n n a  ( abou t  1 f t  diam) hangs i n s i d e  t h e  b a l l o o n  abou t  20 f t  

from t h i s  package. F i lm  s t r a i n  and t empera tu re  gauges are mounted a t  

s e l e c t e d  l o c a t i o n s  on t h e  upper p a r t  o f  t h e  b a l l o o n  and are connected t o  

t h e  t e l e m e t r y  package by w i r e  l e a d s .  The main gondola  carr ies  normal b a l -  

l o o n  i n s t r u m e n t a t i o n  and upward-looking cameras mounted on t h e  ends o f  

2 5  f t  booms. F i g u r e  1 shows t h e  e x p e r i m e n t a l  c o n f i g u r a t i o n  i n  t h e  a i r .  

i 
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Fig .  1 NCAR two-balloon system 
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N a t u r a l l y ,  w e  i n s u r e  t h a t  t h e  upper  b a l l o o n  w i l l  t end  t o  have a 

g r e a t e r  a s c e n t  r a t e  t h a n  t h e  main ba l loon .  T h i s  p r a c t i c e  has  worked o u t  

q u i t e  w e l l ,  w i t h  t h e  t o p  b a l l o o n  o s c i l l a t i n g  from s i d e  t o  s i d e ,  t a k i n g  

p i c t u r e s  of  t h e  main b a l l o o n  from a l l  a n g l e s .  (The upper  b a l l o o n  camera 

arrangement  was o r i g i n a t e d  by Thomas B i l h o r n  a t  NCAR s e v e r a l  y e a r s  ago.)  

When f l o a t  a l t i t u d e  f o r  t h e  top  b a l l o o n  i s  approached,  t h e  t e t h e r  l i n e  i s  

squibbed  o f f  a t  t h e  t o p  end f i t t i n g  and t h e  b a l l o o n s  s e p a r a t e .  I n  t h e  

c a s e  o f  main b a l l o o n  f a i l u r e  b e f o r e  f l o a t  a l t i t u d e  i s  r eached ,  t h e  upper 

p a r a c h u t e  opens when d e s c e n t  commences, t h e  upper  b a l l o o n  i s  r e l e a s e d ,  and 

t h e  e n t i r e  lower sys tem,  i n c l u d i n g  t h e  main b a l l o o n ,  descends on t h e  pa ra -  

chu te .  The p a r a c h u t e  i s  r i g g e d  w i t h  a c e n t r a l  l oad  l i n e  s o  t h a t  t h e  canopy 

i s  s l a c k  and f r e e  f o r  opening a t  s m a l l  descen t  r a t e s .  

Three  f l i g h t s  i n  t h e  p a s t  y e a r  have used t h i s  system: a Viron 2.94 MCF 

b a l l o o n  which b u r s t  a t  45,000 f t  (NCAR F l i g h t  321) ;  a Raven 9.0 MCF cone- 

t o p  b a l l o o n  (NCAR F l i g h t  338);  and a c o n v e n t i o n a l  Raven 3.5 MCF b a l l o o n  

(NCAR F l i g h t  621). 

PHOTOGRAPHY SYSTEM 

A 16 mm B e l l  & Howell Model 70 camera i s  mounted on each  end of t h e  

long-armed gondola shown i n  F ig .  2.  Four-hundred f t  magazines e n a b l e  a 

l / sec  frame r a t e  f o r  a normal a s c e n t  p e r i o d .  F i g u r e  3 i s  a frame t aken  w i t h  

t h e  upward-looking cameras ,  showing t h e  top  b a l l o o n  i n  p o s i t i o n  above t h e  

main ba l loon .  The t o p  b a l l o o n  o s c i l l a t e s ,  a l l owing  t h e  downward-looking 

camera t o  photograph t h e  main b a l l o o n  from v a r i o u s  a n g l e s .  Using Kodachrome I1 

f i l m ,  a s e t t i n g  of  f / 2 2  a t  1/14 sec gave good exposures .  

i n g  g i v e s  an  unencumbered view of  t h e  b a l l o o n  t r a i n .  

The long  boom mount- 
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Fig. 3 Two-balloon system, showing top balloon 
in position above main balloon 
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These p i c t u r e s  have enab led  u s  t o  r e c o r d  t h e  b a l l o o n  shape  d u r i n g  

shown p e r t u r b a t i o n s  such as re la t ive wind g u s t s  and 

i c h  o f t e n  f l u t t e r  t h e  l o o s e  mater ia l ,  o c c a s i o n a l l y  forming 

rea tes t  p e r t u r b a t i o n s  d u r i n g  t h i s  series were observed d u r i n g  

150 k t  j e t  stream. These p e r t u r b a t i o n s  caused two o r  

t o  form, each  o f  which l a s t e d  f o r  a few seconds .  Movies 

t h e  upward-looking camera have r eco rded  one o r  two o c c a s i o n s  on 

which t h e  material  i n  t h e  b a l l o o n  i s  sudden ly  r e a r r a n g e d ,  sometimes i n  less  

t h a n  a second. 

g u r e  4 shows f h e  upper  camera package, which i n  f l i g h t  i s  suspended 

beneath t h e  upper  b a l l o o n  and l o o k s  down a t  t h e  main b a l l o o n .  We have 

used two cameras, a 16 mm B e l l  & Howell Model 70 and a N o r t h r i d g e  35 mm 

p u l s e d  camerd, bo th  w i t h  400 f t  magazines .  Our b e s t  r e s o l u t i o n  p i c t u r e s  

have been o b t a i n e d  w i t h  t h e  N o r t h r i d g e  camera, u s i n g  medium speed Ektachrome 

a t  f l 5 . 6  and 11360 s e c .  

F i g u r e s  5 t o  8 are photographs o f  a Vi ron  2 .94  MCF b a l l o o n  o v e r  NCAR'S 

P a l e s t i n e  b a l l o o n  base .  F i g u r e  5 shows t h e  b a l l o o n  a t  10,000 f t ,  w i t h  a 

r e d  p l a s t i c  streamer on t h e  tow l i n e ,  which he lped  t o  i n d i c a t e  winds d u r i n g  

a s c e n t .  The b a l l o o n  a t  t h i s  a l t i t u d e  h a s  a s i n g l e  c l e f t ,  t y p i c a l  of  b a l -  

l o o n s  t h a t  are n o t  f u l l y  t a i l o r e d .  F i g u r e  6 shows t h e  same b a l l o o n  a t  

46,000 f t ,  j u s t  b e f o r e  b a l l o o n  f a i l u r e .  By o b s e r v i n g  t h i s  and o t h e r  s l i d e s  

a t  d i f f e r e n t  a n g l e s ,  we c a n  see what a p p e a r s  t o  be a band of c i r cumfe ren -  

t i a l  stress around t h e  b a l l o o n .  

F i g u r e  7 shows h o l e s  t h a t  have developed i n  t h e  b a l l o o n  i n  t h e  1 sec 

s i n c e  t h e  p r e v i o u s  s l i d e  w a s  t a k e n .  The s t r e s s e d  band h a s  d i s a p p e a r e d ,  
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a p p a r e n t l y  r e l i e v e d  by t h e  h o l e s  i n  t h e  b a l l o o n .  I n  F i g .  8, t aken  1 sec 

l a t e r ,  d e s t r u c t i o n  o f  t h e  b a l l o o n  i s  complete .  

A 9.0 MCF expe r imen ta l  b a l l o o n  b u i l t  by Raven i s  shown i n  F i g s .  9 

t o  11. F i g u r e  9 shows t h e  r e i n f o r c e d  Mylar c o n i c a l  t o p ,  which a t  t h i s  

s t a g e  o f  i n f l a t i o n  g i v e s  a smooth,  symmetrical shape t o  t h e  t o p  o f  t h e  

b a l l o o n ,  i n  c o n t r a s t  t o  t h e  Viron b a l l o o n  w i t h  i t s  Large c l e f t  and rol l  o f  

material  e x t e n d i n g  i n t o  t h e  top  end f i t t i n g .  We are n o t  y e t  c e r t a i n  o f  

t h e  s i g n i f i c a n c e  o f  t h i s  t o p  c o n f i g u r a t i o n ,  b u t  i t  does  pe rmi t  stress pre-  

d i c t i o n s  f o r  t h i s  p o r t i o n  o f  t h e  f l i g h t  because o f  i t s  symmetry. 

F i g u r e  1 0  shows t h e  same 9 . 0  MCF b a l l o o n  a t  68,000 f t .  H e r e  t h e  c o n i -  

cal  c a p ,  hav ing  become f u l l y  i n f l a t e d  a t  about  55,000 f t ,  i s  q u i t e  a p p a r e n t .  

Another  v i e w  of  t h e  same b a l l o o n  a t  69,000 f t  ( j u s t  p r i o r  t o  release o f  

t h e  upper  b a l l o o n )  i s  shown from a d i f f e r e n t  a n g l e  i n  F i g .  11. 

FILM STRAIN MEASUREmNTS 

We a r e  s t i l l  i n  t h e  l e a r n i n g  p r o c e s s  w i t h  r e g a r d  t o  measur ing  f i l m  

s t r a i n ,  bu t  measurements t o  d a t e  made w i t h  o u r  f i l m  s t r a i n  s e n s o r ,  shown i n  

F i g .  1 2 ,  have proved p a r t i a l l y  s u c c e s s f u l .  

The f i l m  s t r a i n  gauge i s  norma l ly  mounted i n  t h e  middle  o f  a gore .  

A Mylar s t r i p  i s  masked i n  a sawtooth  p a t t e r n  and p a s s e s  through a s l o t  i n  

t h e  head which carries a l i g h t  sou rce  and a p h o t o e l e c t r i c  c e l l .  The end o f  

t h e  t a p e  and t h e  p h o t o c e l l  a r e  anchored t o  t h e  b a l l o o n  f i l m  2 i n .  a p a r t ,  

and as t h e  f i l m  o v e r  t h i s  2 i n .  span  e l o n g a t e s ,  t h e  t a p e  i s  p u l l e d  through 

t h e  c e l l ,  and t h e  sawtooth  masking c a u s e s  a v a r i a t i o n  i n  t h e  p h o t o c e l l  o u t -  

p u t ,  The power l e a d s  and s i g n a l s  r u n  through f i n e  w i r e s  t o  a n  a m p l i f i e r  
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f a s t e n e d  t o  t h e  l o a d  t a p e ,  and t h e  a m p l i f i e d  s i g n a l  (0-5 V) i s  c a r r i e d  

up t h e  l o a d  t a p e  t o  t h e  t e l e m e t r y  package. F i g u r e  13 shows a s t r a i n  gauge 

mounted on b a l l o o n  f i l m  r e a d y  f o r  f l i g h t .  

We have o b t a i n e d  e x c e l l e n t  r e s u l t s  w i t h  t h i s  f i l m  s t r a i n  s e n s o r  under  

c o n t r o l l e d  c o n d i t i o n s ,  such as tes t  i n f l a t i o n s  i n  a s h e l t e r e d  area. How- 

e v e r ,  because t h e  s e n s o r  i s  t roublesome i n  f i e l d  o p e r a t i o n s  -- t h e  l i g h t s  

burn o u t ,  o u t p u t  i s  e x t r e m e l y  v o l t a g e - s e n s i t i v e  and power consumption i s  

f a i r l y  h i g h  -- we are t r y i n g  to  deve lop  a more r e l i a b l e  d e v i c e .  W e  are now 

d e v e l o p i n g  a s t r a i n  s e n s o r  u s i n g  t h e  same s l i d i n g  p r i n c i p l e ,  b u t  h a v i n g  a 

v a r i a b l e  r e l u c t a n c e  t a p e  which h o p e f u l l y  w i l l  e l i m i n a t e  o u r  p r e s e n t  t r o u b l e s  

w i t h o u t  i n t r o d u c i n g  new ones .  

F i g u r e  14 shows an example o f  an a s c e n t  s t r a i n  measurement, from l aunch  

t o  20,000 f t .  The gauge was l o c a t e d  26 f t  from t h e  top  o f  t h e  b a l l o o n  -- 
8 f t  above t h e  s t r e s s e d  band shown i n  F i g .  6 .  The measurement shows some 

c i r c u m f e r e n t i a l  s t r a i n  i n  t h e  b a l l o o n  ma te r i a l ,  i n d i c a t i n g  c i r c u m f e r e n t i a l  

s tress i n  t h i s  c o n v e n t i o n a l  b a l l o o n  d e s i g n  d u r i n g  a s c e n t .  W e  hope t h a t  

f u t u r e  measurements w i l l  g i v e  u s  a complete  p i c t u r e  o f  s t ress  d i s t r i b u t i o n s  

d u r i n g  a s c e n t  f o r  a v a r i e t y  o f  b a l l o o n  d e s i g n s .  

FILM TEMPERATURE MEASUREMENTS 

F i lm s t r a i n  can be b e t t e r  i n t e r p r e t e d  as stress i f  t h e  co r re spond ing  

f i l m  t e m p e r a t u r e  h i s t o r y  i s  a l s o  known. T h e r e f o r e ,  we are d e t e r m i n i n g  s u i t -  

a b l e  means t o  measure f i l m  t e m p e r a t u r e .  A s m a l l  bead t h e r m i s t o r  would be 

t h e  most p r a c t i c a l  f o r  f i e l d  u s e  i f  it cou ld  be shown t o  measu re  f i l m  t e m -  

p e r a t u r e  a c c u r a t e l y .  
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F i g .  12  F i l m  s t r a i n  senso r  

F i g .  13 Mounted f i l m  strain gauge 
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MIMJTES 

Fig. 14 Ascent strain measurement 

t v4d F U  
Fig. 15 Thermistor mounted on balloon film 
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F i g u r e  15 compares t h e  s i z e  o f  a 10 m i l  bead t h e r m i s t o r  t o  t h e  t h i c k -  

n e s s  o f  t h e  0.75 m i l  f i l m  whose t e m p e r a t u r e  i t  shou ld  measure.  With a 

small o b j e c t ,  c o n v e c t i v e  h e a t  t r a n s f e r  t e n d s  t o  overpower r a d i a t i o n  e f f e c t s ;  

a 10  m i l  a lumin ized  bead t h e r m i s t o r ,  f o r  i n s t a n c e ,  can  measu re  a i r  tempera- 

t u r e  q u i t e  a c c u r a t e l y  a t  p r e s s u r e s  as low as 10 mb (Ney, Maas, and Huch, 1561) .  

One might  su rmise ,  t h e n ,  t h a t  a s m a l l  t h e r m i s t o r  can  measure a i r  t e m p e r a t u r e  

i n  t h e  the rma l  boundary l a y e r  n e x t  t o  t h e  b a l l o o n  s k i n  and, i f  t h e  boundary 

l a y e r  i s  t h i c k  enough, t h e  measured t e n p e r a t u r e  might  approximate t h a t  of  t h e  

s k i n .  I n  a d d i t i o n ,  one might  e x p e c t  t h e  t h e r m i s t o r  t empera tu re  t o  be s l i g h t -  

l y  b i a s e d  towards t h e  f i l m  t e m p e r a t u r e  by d i r e c t  conduc t ion  i n t o  i t  through 

t h e  a d h e s i v e  used t o  secure t h e  t h e r m i s t o r .  

A p o r t i o n  of  a the rma l  boundary l a y e r  under  a l amina r  f l o w  c o n d i t i o n  

w i t h  a f r e e  c o n v e c t i o n  l e n g t h  of abou t  3 i n .  i s  shown i n  F i g .  16. Here t h e  

boundary l a y e r  i s  q u i t e  t h i c k  compared w i t h  5 and 10 m i l  bead t h e r m i s t o r s .  

T h e r e f o r e ,  i f  t h e s e  t h e r m i s t o r s  do measure t h e  t empera tu re  o f  t h e  a i r  i n  

which t h e y  are submerged, t h e  t empera tu re  t h e y  m e a s u r e  w i l l  c l o s e l y  approx- 

imate t h e  f i l m  t e m p e r a t u r e .  To check t h i s  h y p o t h e s i s  f u r t h e r ,  we b u r i e d  

a f i n e  p l a t i n u m  w i r e  i n  p o l y e t h y l e n e  f i l m ,  mounted v a r i o u s  t h e r m i s t o r  con- 

f i g u r a t i o n s  around i t ,  and measured the rma l  r e s p o n s e s  i n  a b e l l  j a r  a t  

10 mb. F i g u r e  1 7  shows t h e  r e s u l t s .  The p l a t i n u m  w i r e  s e n s e s  the  f i l m  

t empera tu re  w i t h  an a c c u r a c y  o f  +_1. C ,  and i t  can  be s e e n  t h a t  t h e r m i s t o r s  

mounted on t h e  f i l m  are approx ima te ly  a t  f i l m  t e m p e r a t u r e .  The t h e r m i s t o r s  

which are g lued  on a p p e a r  t o  measure more a c c u r a t e l y  than  t h o s e  which are 

mounted w i t h  a t a p e  o v e r l a y .  The t h i c k n e s s  o f  t h e  boundary l a y e r  a p p e a r s  

t o  be s l i g h t l y  more t h a n  an i n c h  under  t h i s  v e r t i c a l ,  n a t u r a l  c o n v e c t i o n  

l a m i n a r  f l o w  c o n d i t i o n .  

0 
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Fig.  16 Exper imen ta l  measurements of  boundary l a y e r  
t e m p e r a t u r e s  
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F i g .  1 7  F i l m  s e n s o r  t e m p e r a t u r e ,  30 sec a f t e r  exposure  t o  400 BTU/hr 
r a d i a n t  h e a t  f l u x  i n  b e l l  j a r ,  10 mb p r e s s u r e  
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Exper iments  i n  t h e  f i e l d  show t h a t  a v a i l a b l e  g l u e s  s imply  have n o t  

t h e  s t r e n g t h  to  ho ld  t h e  t h e r m i s t o r s  t o  t h e  f i l m  under  c o n d i t i o n s  o f  

f o l d i n g  and rubb ing .  

t h e r m i s t o r s ,  which g i v e  measured t e m p e r a t u r e s  s l i g h t l y  lower t 

a c t u a l  t empera tu res .  Aluminum c o a t i n g  makes o n l y  a s m a l l  t empera tu re  d i f -  

f e r e n c e  t o  fi lm-mounted t h e r m i s t o r s ,  even  though i t  makes c o n s i d e r a b l e  d i f -  

f e r e n c e  i n  f r e e  a i r .  

T h e r e f o r e ,  we are p r e s e n t l y  u s i n g  t h e  taped-o  

e 

F i g u r e  18 shows a t h e r m i s t o r  mounted on a b a l l o o n  w a l l  and r e a d y  f o r  

f l i g h t .  The t h e r m i s t o r  modula tes  a 20 mV s i g n a l  t o  t h e  top  t e l e m e t r y  

package.  F i g u r e  19 i s  a p l o t  o f  t empera tu re  vs t i m e  ( a l t i t u d e )  d u r i n g  

a s c e n t .  Th i s  r eco rd  i s  from a 10 m i l ,  uncoated  t h e r m i s t o r  g lued  t o  0.75 m i l  

p o l y e t h y l e n e  f i l m  about  30 f t  from t h e  top  o f  t h e  b a l l o o n .  The measured 

t empera tu re  approximates  ambient  t e m p e r a t u r e )  a l t h o u g h  we d i d  n o t  have a n  

a c c u r a t e  ambient  t empera tu re  measurement f o r  t h i s  f l i g h t .  

Temperature  o s c i l l a t i o n s  i n c r e a s e  as a l t i t u d e  i n c r e a s e s .  One would 

e x p e c t  t h e s e  t empera tu re  f l u c t u a t i o n s  t o  be l i n k e d  t o  b a l l o o n  r o t a t i o n ,  

w i t h  t h e  sunny s i d e  of  t h e  b a l l o o n  always be ing  t h e  w a r m e r .  However, b a l -  

l oon  r o t a t i o n  d a t a  show t h a t  even though t h e  r o t a t i o n  p e r i o d  a g r e e s  i n  gen- 

e r a l  w i t h  t h e  f l u c t u a t i o n  p e r i o d s ,  h o t  and co ld  peaks  do n o t  c o r r e l a t e  w i t h  

t h e  o r i e n t a t i o n  of  t h e  t h e r m i s t o r  w i t h  r e s p e c t  t o  Che sun.  

F i g u r e  20 compares g lued  and o v e r l a y  mountings o f  two t h e r m i s t o r s  

mounted immedia te ly  a d j a c e n t  t o  e a c h  o t h e r  on t h e  same b a l l o o n .  T h i s  com- 

p o s i t e  r e c o r d  shows a t empera tu re  d i f f e r e n c e  commencing a t  abou t  50,000 f t  

and i n c r e a s i n g  t o  a n  approximate  6 d e g r e e  d i f f e r e n c e  a t  130,000 f t ,  w i t h  

t h e  o v e r l a y  mounting b e i n g  t h e  c o o l e r .  The glued-on t h e r m i s t o r  p robab ly  
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Fig. 18 Thermistor mounted on balloon skin 

Fig. 19 Measurement of temperature vs time 
during balloon ascent 
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more a c c u r a t e l y  r e p r e s e n t s  f i l m  t e m p e r a t u r e .  It remains t o  be s e e n  whether  

t h e  t empera tu re  e r r o r  w i l l  be c o n s i s t e n t  enough t o  p e r m i t  u s i n g  t h e  ove r -  

l a y  i n s  t a l l a t  i o n .  

F i g u r e  21 i s  a s c a t t e r p l o r  curve o f  measured gas p r e s s u r e s  d u r i n g  a 

b a l l o o n  a s c e n t ;  t h e  s o l i d  c u r v e  is  t h e o r e t i c a l  g a s  p r e s s u r e .  About h a l f  

t h e  d i f f e r e n c e  between t h e  c u r v e s  can be a t t r i b u t e d  t o  dynamic p r e s s u r e  due 

t o  t h e  r a t e  of  a s c e n t  of  t h e  b a l l o o n ,  w h i l e  t h e  r e s t  i s  due t o  d i f f e r e n c e s  

o f  p r e s s u r e  head between t h e o r e t i c a l  and ac tua l  b a l l o o n s ,  o r  t o  e x p e r i m e n t a l  

e r r o r .  The measured p r e s s u r e  t r e n d  f o l l o w s  t h e  t h e o r e t i c a l ,  w i t h  v a r i a t i o n s  

s o  s m a l l  as t o  be i n s i g n i f i c a n t  w i t h  r e s p e c t  t o  s t r u c t u r a l  i n t e g r i t y .  We 

can  conclude from t h e  p r e s s u r e  r e c o r d  o f  t h i s  p a r t i c u l a r  f l i g h t  t h a t  no 

s i g n i f i c a n t  p r e s s u r e  v a r i a t i o n s  o c c u r r e d ,  e i t h e r  from a tmospher i c  p e r t u r b a -  

t i o n s  o r  from b l o c k i n g  o f  b a l l o o n  ma te r i a l .  

The t h r e e - a x i s  a c c e l e r o m e t e r s  c a r r i e d  i n  t h e  t o p  package had a r ead -  

o u t  system c a p a b l e  o f  r e s o l v i n g  abou t  0 .02  g. While t h e  upper b a l l o o n  i s  

a t t a c h e d ,  some s l i g h t  t u g g i n g  on t h e  t o p  end f i t t i n g  of t h e  main b a l l o o n  

w a s  obse rved ;  a t  t i m e s ,  t h e  end f i t t i n g  w a s  t i l t e d  by t h e  p u l l  o f  t h e  top  

b a l l o o n .  Without  t h e  a t t a c h e d  upper  b a l l o o n ,  t h e  t o p  end f i t t i n g  was  v e r y  

s t e a d y .  One f l i g h t  w i t h o u t  t h e  upper  b a l l o o n  p e n e t r a t e d  a 150 k t  j e t  

stream and ,  though some s a i l i n g  o f  t h e  b a l l o o n  w a s  observed by t h e  upward- 

l o o k i n g  cameras, t o p  end f i t t i n g  a c c e l e r a t i o n s  o f  o n l y  0.05 g were obse rved  

f o r  one p e r i o d  o f  about  t h r e e  minu tes .  

W e  would l i k e  t o  have accurate re la t ive wind measurements a t  t h e  t o p  

o f  t h e  b a l l o o n ,  bu t  we have n o t  y e t  had t i m e  t o  p u r s u e  t h i s  phase  of t h e  

program t o  comple t ion .  Mechanical anemometers are t h e  o n l y  o f f - t h e -  

s h e l f  d e v i c e s  t h a t  cou ld  be r e a d i l y  adapted f o r  t h i s  pu rpose ,  and even  
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Fig. 20 Composite temperature record, glued and 
t ap e - mo u n t e d the n n  i s to r s 

Fig. 21 Measured and theoretical gas pressures 
during ascent 



- 25 - 

with the best of these, bearing friction and response times will likely 

present problems at altitude. If bearing friction and inertia can be 

made minimal, a mechanical anemometer might give an acceptable measure- 

ment. Devices such as hot wires, vortex generators, spinning pressure 

probes,and sonic devices would all require considerable development for 

measuring winds at the top of a balloon. Therefore, for experimental 

flights to date, we have confined ourselves to observing motion of unin- 

flated main balloon material, the fluttering motion of streamers attached 

to the tow line, and upper balloon motion, including both oscillation and 

rot at ion. 

In this overall instrumentation we feel that we are developing a 

powerful tool for analysis of balloon structures during flight; the useful 

information already obtained encourages us to carry out more refined and 

more extensive experiments in the future. 
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